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external Airborne-agent exposure 
increase Risk of Digestive tract 
cancer
Wanhyung Lee1, Jihyun Kim  2,3, Sung-Shil Lim2,3, Yangwook Kim2,3, Yeon-Soon Ahn4 & 
Jin-Ha Yoon  2,3,5 ✉
previous studies have suggested that in addition to respiratory system cancers, exposure to 
external airborne agents (EAAs) may also affect the risk of digestive tract cancer. However, previous 
epidemiological studies have been limited. To clarify this relationship, we conducted a Workers’ Korea 
National Health Insurance Service cohort study. The EAA exposure group comprised participants who 
had ever visited a hospital as an inpatient for ‘lung diseases due to external agents’. The reference 
population comprised men from the general working population. The EAA exposure group and 
reference group included a total of 98,666 and 79,959,286 person-years, respectively. Age-adjusted 
standardized incident rates (SIRs) with 95% confidence intervals (95%CI) were calculated for each 5-year 
age stratum. The SIR (95% CI) of EAA exposure was 1.30 (1.19–1.38) for all digestive tract cancers. The 
highest risk associated with eAA exposure was observed for oral cancer, followed by esophageal and 
stomach cancers [SIRs (95%CI): 3.96 (3.02–4.78), 3.47(2.60–4.25), and 1.34(1.17–1.47), respectively.] 
These statistically significant associations did not be attenuated in a subgroup analysis using logistic 
regression adjusted for age, smoking and alcohol consumption. Our findings suggest that EAA exposure 
should address risk reduction of both digestive tract and respiratory system cancers.
Previous studies of the human health effects of external airborne agent (EAA) which were included aerosol, gas, 
vapor, mist, fume, dust, or smoke exposure have focused on the respiratory system1–3, given the assumption that 
such exposure primarily causes respiratory system disease. Although EAA exposure mainly occurs via the res-
piratory system, humans face other possible sites of exposure, namely the digestive system. The digestive system 
may be exposed to EAAs via several inhalation and ingestion mechanisms. First, agents filtered in the nose or 
exhaled from the upper respiratory tract may be swallowed4. Second,, reduced sphincter tone around the esopha-
geal orifice could directly allow the accidental swallowing of EAAs5. Third, food, skin, or clothing may be contam-
inated by EAAs4. Finally, an intuitive approach reveals that the origins of the gastrointestinal tract and respiratory 
system occur in shared structures, such as the oral cavity and pharynx. In summary, these mechanisms identify 
the gastrointestinal tract as a potential site of EAA exposure, with the potential for inflammatory, immunologic, 
or even oncogenic responses similar to those observed in the respiratory system6.
To date, little is known about the relationship between EAA exposure and the risk of digestive tract cancers. 
Notably, a previous well-designed cohort study found that esophageal and stomach cancer were more closely 
correlated with EAA exposure when compared with lung cancer, although the authors did not control for alco-
hol consumption7. Nevertheless, these results encouraged subsequent epidemiological studies. Although later 
research also demonstrated the effects of EAAs on gastrointestinal tract cancers8,9, little epidemiologic evidence is 
available regarding the risk of cancer throughout the digestive system and potential confounding factors.
A recent study found a high risk of all digestive tract cancers, and particularly of esophageal, stomach, and 
liver cancer, among participants exposed to external airborne carcinogens after controlling for a smoking habit10. 
However, the authors did not control for alcohol consumption and thus could not fully discuss the potential bio-
logical effects of EAA exposure on the increased risk of liver cancer. In a case-control study of the link between 
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EAA exposure and the risk of digestive cancer11, the authors found no significant effects after controlling for alco-
hol consumption and smoking habits; however, that study may have been limited by a relatively small sample size.
In light of the limits of the above-described studies with respect to limited organ-specific outcome data, 
a lack of information about confounding factors, and a small sample size, this study aimed to determine the 
whole-digestive system cancer risk by organ (oral cavity to anus), using national follow-up data from the entire 
population of the Republic of Korea. Our subgroup analysis, which controlled for smoking and alcohol consump-
tion, and the inclusion of a wash-out period in our study design have provided scientific evidence supporting a 
link between EAA and the risk of digestive tract cancer.
Results
A male population with a total of 79,959,286 person-years was included in this study. The EAA exposure group 
included a total of 98,666 person-years (Supplementary Table 1). According to the Korea national health insur-
ance service (NHIS) database, the most common cause of EAA exposure during the study period (2006–2015) 
was J69, Pneumonitis due to solids and liquids (27,463 person-years, 27.8%) followed by J68, Respiratory con-
ditions due to inhalation of chemicals, gases, fumes, and vapors (22,795 person-years, 23.1%); J64, Unspecified 
pneumoconiosis (12,428 person-years, 12.6%); and J60, Coalworker pneumoconiosis (11,812 person-years, 
12.0%) (Table 1).
We observed a statistically significantly increased risk of digestive cancer among the EAA exposure group, 
as shown in Table 2 and Fig. 1, with an age-standardized incidence ratio (SIR) (95% confidence interval (CI)) 
of 1.30 (1.19–1.38) for the risk of all digestive cancers. A stratified analysis yielded SIR (95% CI) values of 1.22 
(1.12–1.30) for all gastrointestinal and hepatobiliary tract cancers (C15–26) and of 1.28 (1.15–1.37) for all gastro-
intestinal tract cancers (C15–21). Among digestive organs, the highest risk was observed for oral cancer, followed 
by esophageal and stomach cancer, with respective SIRs (95% CI) of 3.96 (3.02–4.78), 3.47 (2.60–4.25), and 1.34 
(1.17–1.47). EAA exposure was not associated with significant risks of cancer in the remaining organs, including 
those in the hepatobiliary tract.
Tables 3 and 4 present the results from subgroup analyses of medical screening data from study participants. 
Although the drinking statuses were similar when the workers were stratified by EEA exposure, a significantly 
higher proportion of current smokers was observed among patients without EEA exposure, compared to those 
with EEA exposure (p < 0.0001), as shown in Table 3. In a logistic regression analysis, the risks of oral, esophageal, 
and stomach cancer were significantly increased even after controlling for age, smoking, and drinking status, as 
shown in Table 4 [Odds Ratio (OR) (95% CI) = 1.96 (1.28–3.00) for oral cancer, 2.45 (1.15–5.20) for esophageal 
cancer, and 1.45 (1.07-1.96) for stomach cancer.]
Person-year %
J60-J70 Lung diseases due to external agents 98,666 100.0
    J60 Coalworker pneumoconiosis 11,812 12.0
    J61 Pneumoconiosis due to asbestos and other 
mineral fibres 3,008 3.1
    J62 Pneumoconiosis due to dust containing silica 3,122 3.2
    J63 Pneumoconiosis due to other inorganic dusts 1,114 1.1
    J64 Unspecified pneumoconiosis 12,428 12.6
    J65 Pneumoconiosis associated with tuberculosis 963 1.0
    J66 Airway disease due to specific organic dust 597 0.6
    J67 Hypersensitivity pneumonitis due to organic 
dust 10,487 10.6
    J68 Respiratory conditions due to inhalation of 
chemicals, gases, fumes and vapours 22,795 23.1
    J69 Pneumonitis due to solids and liquids 27,463 27.8
    J70 Respiratory conditions due to other external 
agents 4,877 4.9
Table 1. Hospital facility visits information of respiratory disease from external airborne. Agent exposed group 
according to ICD-10 from 2006 to 2015.
Cancer type (ICD-10) Cases SIR 95% CI
All (C00-26) 192,695 1.30 (1.19–1.38)
    Oral (C00-14) 7,406 3.96 (3.02–4.78)
    Gastrointestinal and 
hepatobiliary tract (C15-26) 185,854 1.22 (1.12–1.30)
        Gastrointestinal tract 
(C15-21) 130,035 1.28 (1.15–1.37)
    Hepatobiliary tract (C22-26) 58,295 1.15 (0.97–1.29)
Table 2. Age-standardized incidence ratio (SIR) and 95% confidence intervals (CI) of cancer of digestive 
systems among external airborne agent exposure group.
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Figure 1. Age-standardized incidence ratio (SIR) and 95% confidence intervals (95% CIs) of malignant 
neoplasm of digestive systems on external airborne agent exposure group.
Male workers with external 
airborne agent exposure 
group
P-valueNo, n (%) Yes, n (%)
Smoking
    None and past 
smokers 193,325 (64.6) 632 (71.4) <.0001
        Current smokers 106,080 (35.4) 253 (28.6)
Alcohol consumption 0.5857
    None and mild 
drinking 255,856 (85.4) 762 (86.1)
        Heavy drinking 43,549 (14.6) 123 (13.9)
Table 3. Smoking and drinking status according to external airborne agent exposure group status from medical 
examination information among study participants (n = 300,290).
Cancer type (ICD-10) OR 95% CI
All (C00-26) 1.36 (1.13-1.66)
    Oral (C00-14) 1.96 (1.28-3.00)
    Gastrointestinal and hepatobiliary 
tract (C15-26) 1.28 (1.04-1.57)
        Gastrointestinal tract (C15-21) 1.38 (1.10-1.74)
            Esophagus (C15) 2.45 (1.15-5.20)
            Stomach (C16) 1.45 (1.07-1.96)
            Small intestine (C17) 1.45 (0.20-10.38)
            Colon (C18) 1.20 (0.79-1.82)
            Rectosigmoid junction (C19) 1.24 (0.51-3.00)
            Rectum (C20) 1.67 (0.95-2.64)
            Anus and anal canal (C21) 3.12 (0.98-9.81)
    Hepatobiliary tract (C22-26) 0.94 (0.62-1.41)
Table 4. Results of logistic regression for cancer of digestive systems among external airborne agent exposure 
group using data from medical examination information among study participants (n = 300,290).
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Discussion
The findings of our study demonstrate that workers with lung diseases consequent to EAA exposure face a signif-
icantly increased risk of digestive system cancer. Surprisingly, the risk of digestive tract cancer risk exhibited an 
increasing trend according to the assumed level of EAA exposure (from the upper to lower digestive tract), such 
that significant increases were observed in the risks of oral, esophageal, and stomach cancers. However, similar 
relationships were not observed for cancers in other digestive organs ranging from the small intestine to the anus 
and anal canal and including the hepatobiliary tract. This trend suggests that exposure to EAAs may occur via 
both inhalation and ingestion. Furthermore, we did not observe significant attenuation of this increased risk of 
cancer following EAA exposure even after controlling for smoking and alcohol consumption, which are consid-
ered strong risk factors for oral and esophageal cancers. These results suggest that EAA exposure via ingestion 
is more strongly carcinogenic than previously expected. Accordingly, professionals who aim to prevent or treat 
cancers should address the risk of simultaneous EAA exposure via the respiratory and digestive systems.
Result from current analysis are in line with those of previous studies8,9,12. There were dose-response relation-
ship between environmental airborne dust exposure level and risk of risk of death attributed to gastric cancer. 
Among workers, higher occupational dust exposure industry group showed higher risk of gastric cancer. Our 
data showed increased risk of oral and gastrointestinal tract cancer, trend was found from oral to only gastric 
cancer. It’s provided the extended scope of effect from EAA to human digestive system. Previous study indicated 
occupational dust particles are considering that cause inflammatory reactions related with cancer in both respira-
tory and digestive organ especially in upper tract13. Furthermore, similarly to our results, only high occupational 
dust exposed group showed statistically significant relationship with cancer in not whole digestive system, but 
stomach14.
However, this result has not previously been described. There was partially significant association between 
occupational dust exposure and GI tract cancer among current and heavy smokers after stratified by smoking 
status15. According to previous research for stomach cancer risk according to industrial type showed increased 
risk of stomach cancer among workers in both dust and heat exposed industry (cooks or food and related prod-
ucts machine operator), workers only dust exposed industry were not even considered as severe dust exposed 
industry (miners and quarry)16. There were might be combined effect of EEA with other co-exposed occupational 
hazardous factors or health behavioral. It indicated that it is important to understand various exposure route and 
interactive effects of EEA on human health.
According to the Organization for Economic Cooperation and Development, more than 33% of cancer deaths 
among men in 2013 were caused by cancers of the digestive organs17. Generally, a large proportion of the pop-
ulation is exposed to several EAAs via inhalation and ingestion while they leave or work, and both inhaled and 
ingested EAAs are widely considered to be health hazards18. However, little is known about the latter route of 
exposure and its relationship with digestive cancer. The various types of EAA can be categorized by composition 
or origin19,20 and yield diverse clinical outcomes21,22. Regardless, exposure to an EAA can induce acute or chronic 
inflammation characterized by inflammatory cytokines18 or trigger a mutation in an oncogene23,24. These pro-
cesses play a key role in irreversible fibrotic changes or oncogenic mutations in human organs exposed to EAAs, 
especially those of the respiratory and digestive system25. Previous studies have discussed digestive system cancers 
triggered by the ingestion of external agents26,27, and the current finding that the most significant cancer risks 
were observed in the oral, esophagus, and stomach corroborates those earlier findings.
Generally, EAA exposure most commonly occurs via the respiratory system28. Accordingly, the particulate 
characteristics (type or diameter) of the inhaled EAA are an important factor in determining the absorption 
route and subsequent digestive health effects29. Soluble or small particles (1–5 μm) could enter to digestive sys-
tem by swallowing after secretion via the mucociliary escalator30. The ultrafine EAA particles (<1 μm) or insol-
uble agents can penetrate to the blood or be eliminated by alveolar macrophages and consequently reach the 
digestive system. Furthermore, man-made EAAs could enter the digestive system via ingestion, including direct 
hand-to-mouth exposure, in a workplace setting31. In summary, all types of EAA can enter the digestive system.
The observation of the highest risks of digestive system cancer in the oral cavity and pharynx may explain the 
significant relationship between EAA ingestion and the risk of digestive system cancer observed in the current 
analysis, as both regions are shared by the respiratory and digestive systems. In previous observational cohort 
studies, male woodworkers exposed to external wood-containing particles had a significantly increased risk of 
oral and pharyngeal cancer among (SIR = 2.19, 95% CI: 1.17–3.74), and the risk of buccal cavity cancer was even 
higher than that of pharyngeal cancer32. At a cellular level, EAA exposure appears to elevate the risk of chromo-
somal instability in buccal cells by increasing the frequency of micronuclei, which may induce abnormal cell 
proliferation or apoptosis33. The research has also demonstrated the highest risks of cancer with EAA exposure 
in the lip, oral cavity, and pharynx. Our current results indicate that the organs at highest risk following exposure 
to EAA are exposed both via inhalation and ingestion. Therefore, EAA might induce cancer in both the digestive 
and respiratory pathways.
The esophagus usually functions as a conduit of masticated materials from the oral cavity to the stomach. A 
previous Japanese cohort study observed a significant increase in the risk of esophageal cancer among patients 
hospitalized for pneumoconiosis34. Similarly, our study demonstrated a significantly increased risk of esophageal 
cancer among workers with respiratory diseases related to EAA exposure, and the significance of this relationship 
was not attenuated even after controlling for the effects of smoking and alcohol consumption. These findings 
suggest a strong link between EAA exposure by ingestion the risk of cancer in initially exposed digestive organ.
Our current investigation also observed an increased risk of stomach cancer in response to EAA exposure. 
Furthermore, this relationship remained significant in a logistic analysis controlled for smoking and alcohol con-
sumption. These findings broadly support the biomechanics of related studies that have linked gastric cancer 
with severe respiratory diseases consequent to EAA. We note that most ingested EAAs do not enter the stomach 
because of the discharge functions of the esophageal sphincter35. However, earlier researchers hypothesized that 
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the increased gastric cancer risk due to EAA exposure mostly occurred after lung clearance with or without 
ingestion process36,37, following previous observations of a high risk of gastric cancer among workers who were 
exposed to external dust. Current study could demonstrate the lowest significant risk for cancer in stomach both 
SIR and OR. This lowest statistically significant relationship might also attribute to the complexities of gastric 
cancer and other risk factors, such as Helicobacter pylori infection.
Long ago, respiratory system diseases were considered to be the greatest consequences of tobacco smoking 
exposure, due to beliefs regarding the effects of EAA exposure on the respiratory system. Now, however, the med-
ical field understands that tobacco smoking is also a strong risk factors for digestive system cancer, particularly of 
upper tract organs38,39. Therefore, the effects of both EAA inhalation and ingestion should be determined to fully 
understand the implications of cancer research. The present study has raised important questions regarding the 
nature of EAA exposure and its effects on human health. Specifically, EAA ingestion may lead to poorer digestive 
system health.
The strengths of this study include the large sample size and follow-up design, which allowed us to demon-
strate the significant risk of upper digestive tract cancer associated with EAA exposure. However, the study was 
limited by the availability of only indirect information about EAA exposure. As noted, the NHIS database is 
based on information from hospital facility visits and is recorded in ICD-10 code format. Accordingly, we could 
not determine the exact EAA exposure levels. Still, the current investigation focused on the most severe cases of 
respiratory disease, including all types of pneumoconiosis that could be confirmed as consequences of EAA expo-
sure. Current study only could demonstrate the association between GI tract cancer risk and occupational dust 
exposed group who were based on extremely severe dust exposure population. Thus, these findings may be some-
what limited to be generalized to the average working population. Furthermore, our study relied on hospital visit 
information to assess cancer diagnoses and did not obtain pathological confirmation. However, inpatient records 
involving a major diagnosis of cancer were considered reliable in a previous study that used a similar NHIS data 
structure40. We used different minimum category of cancers. ‘Oral (C00-14)’ cancers and ‘Hepatobiliary tract 
(C22-26)’ cancers could not possible subgrouping according to ICD-10 three-digit due to very low incidences of 
each cancers. We hope modified group according to digestive organs might be helpful to understand EEA effect 
of human organ system. We conducted study with 10-year follow-up duration. Longer observational periods 
are needed to consider cancer etiology. Finally, the study participants represent a source of uncertainty. As we 
included only the Korean working population, our findings cannot be extrapolated to a general Korean or global 
population. Further research should be undertaken to investigate the relationship between EAA exposure and 
human digestive cancer with general population, specific information of EAA exposure level and cancer, and 
longer observational periods.
We used ICD-10 codes to assess the EAA exposure, but the J69 (pneumonitis due to solids and liquids) include 
aspiration pneumonia. Although the workplace exposure such as chemical pneumonitis due to accident related 
to J69, but the great number of J69 patient suggest that the main cause closely related to aspiration pneumo-
nia. Hence we undertook sensitivity analysis according to excluding or including J69 in EAA exposure group 
in 1,000,000 random sample date from Korea NHIS. The risk estimates were attenuated when we added J69 as 
EAA exposure group compare excluding J69 data set (Supplement Table 2). Hence our current result may have 
underestimating problems.
In conclusion, our large nationwide cohort study revealed that EAA exposure is a risk factor for digestive can-
cers, particularly oral, esophageal, and stomach cancers. By contrast, no significant EAA exposure-related risk of 
lower digestive tract cancer and hepatobiliary tract cancer was observed in any analysis. We conclude that cancer 
researchers should aim to address the risk of digestive cancer following EAA exposure.
Methods
Data collection. The NHIS provides mandatory public health insurance for all Korean citizens to cover 
medical care services consistent with the policies of national health insurance, medical aid, and long-term care 
insurance41. Accordingly, this system covers the entire population residing within the territory of Korea42, and all 
citizens are required by law to participate43. The NHIS covered 50,908,646 citizens in 2011, 51,169,141 in 2012, 
51,448,491 in 2013, 51,757,146 in 2014, and 52,034,424 in 2015; these values account for approximately 98% of 
residents in the territory of Korea44. For this study, we used data from the NHIS database during the period of 
2006–2015.
All types of visits to hospital facilities listed in the Korea NHIS database were categorized using the stand-
ardized protocol of the Korea Classification of Diseases and Causes of Death, 4th edition, which corresponds to 
the International Classification of Diseases, 10th revision (ICD-10). All NHIS claims for inpatient and outpatient 
visits, procedures, and prescriptions were coded using the ICD-10 format, and the Korean Drug and Anatomical 
Therapeutic Chemical Codes45. The NHIS routinely audits these claims, and the data are considered reliable and 
have been used in numerous peer-reviewed publications44.
The NHIS database additionally includes medical service data qualifications and claims. The qualification data 
included age, sex, region, income, insurance type, identification number, and family information. The medical 
service data included records of all covered inpatient and outpatient visits, procedures, and prescriptions. The 
study also included data from annual medical check-up data for all Korean people, which are provided free of 
charge by the NHIS and performed annually or biennially to assess chronic disorders, mental health, and lifestyle 
factors.
Study participants and definition of the external airborne agent exposure group. EAA expo-
sure first targets the human respiratory system. We therefore defined the EAA exposure group as patients who 
had ever visited a hospital facility as an inpatient and whose records included ICD-10 codes J60–70, which are 
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categorized as ‘Lung diseases due to external agents’ by the World Health Organization46. This category comprises 
the following 11 sub-codes: J60, Coalworker pneumoconiosis; J61, Pneumoconiosis due to asbestos and other 
mineral fibers; J62, Pneumoconiosis due to dust containing silica; J63, Pneumoconiosis due to other inorganic 
dusts; J64, Unspecified pneumoconiosis; J65, Pneumoconiosis associated with tuberculosis; J66, Airway disease 
due to specific organic dust; J67, Hypersensitivity pneumonitis due to organic dust; J68, Respiratory conditions 
due to inhalation of chemicals, gases, fumes, and vapors; J69, Pneumonitis due to solids and liquids; and J70, 
Respiratory conditions due to other external agents. Inpatients with a history including these sub-codes generally 
experienced an EAA exposure event sufficiently significant to cause a severe respiratory disorder.
In nearly all countries and industries, the main sources of EAAs known to aggravate respiratory system dis-
eases are closely associated with workplace activities, as demonstrated by ICD-10 codes J60–7047. These EAAs 
contain minerals, metals, organic compounds, wood, and cotton and are generated via cutting, milling, grind-
ing, sanding, and cleaning processes. Particularly, pneumoconiosis, respiratory diseases such as hypersensitiv-
ity pneumonitis, and airway diseases attributed to any external agents (e.g., mineral fibers, silica, chemicals, or 
organic/inorganic dust) have been strongly linked with EAA exposure under occupational conditions48,49.
99% of EAA exposure was male in current data, therefore, we selected male participants who were employed, 
aged between 15 and 70 years and were deemed NHIS-eligible employee subscribers from 2006 to 2015 from 
a total of 122,992,465 person-years. Subsequently, we excluded participants for whom claims for any type of 
digestive cancer or respiratory disease were recorded from January 1, 2002, to December 31, 2005 (i.e., washout 
period). Finally, male workers with a total of 79,959,286 person-years were selected for the current study
Digestive system cancers. Digestive system cancer was defined as the presence of identical ICD-10 C00–
26 codes recorded during inpatient visits. Digestive system cancers were classified as oral cancer (C00–14) or 
gastrointestinal and hepatobiliary tract cancer (C15–26). The latter category was subdivided into gastrointestinal 
tract cancer (C15–21), which included individual organ cancers (esophageal cancer, C15; stomach cancer, C16; 
small intestinal cancer, C17; colon cancer, C18; rectosigmoid junction cancer, C19; rectal cancer, C20; and anal 
and anal canal cancer, C21) or hepatobiliary tract cancer (C22–26).
Smoking and alcohol consumption status. We evaluated the participants’ smoking and alcohol con-
sumption statuses as potential risk factors for digestive system cancer using national health screening examina-
tion data collected during follow-up period. A total 300,290 male workers participated in medical examinations 
among final study participants. The smoking status was stratified into two classes: none and previous smokers, 
and current smokers. The alcohol consumption status was similarly stratified into two classes: none and mild 
drinking, and heavy drinking.
Statistical methods. Inpatient admission records were used to define incident cases of cancer. We note 
that because cancer is a chronic nature illness, a single patient will likely be admitted for multiple hospital visits, 
and the reason for each subsequent hospitalization may differ from the initial admission. In such cases, the first 
admission was considered the first event and counted as only one case of the indicated type of malignancy. Hence, 
incidence is defined as the first inpatient admission event in the current study. The person-years and follow-up 
period were also calculated using the same logic.
We calculated the SIR of each digestive system cancer in the EAA exposure group with reference to a general 
male working population without admission history of EAAs. Specifically, we first calculated the total observed 
number of incident cases and age-stratified person-years in the EAA exposure group. Second, we calculated the 
age-specific incident rates from the reference population and multiplied these values by each age-stratum of 
person-years in the EAA exposure group to generate the expected counts. The SIR was thus defined as the ratio of 
the sums of the observed and expected counts. The associated 95% CI was calculated using a Poisson distribution.
To estimate the effects of smoking and alcohol consumption on the risks of digestive system cancers, we con-
ducted logistic regression with OR and 95% CI for the EAA exposure group adjusting for the age, smoking, and 
drinking status. The smoking and alcohol consumption statuses were available only for those who participated 
in annual medical heath screening examinations. Smoking and alcohol consumption data used result from latest 
medical heath screening examinations of each study participants. All analyses were conducted using SAS, version 
9.4 (SAS Institute, Cary, NC, USA).
Ethical consideration. Data of this study was anonymized prior to release to authors from National Health 
Insurance Service. The Institute Review Board (IRB) of the Yonsei University Health System approved this current 
study design (IRB number: Y-2017-0100).
Received: 13 May 2019; Accepted: 30 March 2020;
Published: xx xx xxxx
References
 1. Lee, S. H. et al. Association between occupational dust exposure and prognosis of idiopathic pulmonary fibrosis. Chest 147, 465–474 
(2015).
 2. Hancock, D. G., Langley, M. E., Chia, K. L., Woodman, R. J. & Shanahan, E. M. Wood dust exposure and lung cancer risk: a meta-
analysis. Occup. Env. Med. 72, 889–898 (2015).
 3. Kim, K.-H., Kabir, E. & Kabir, S. A review on the human health impact of airborne particulate matter. Environ. Int. 74, 136–143 
(2015).
 4. Adamsson, E., Piscator, M. & Nogawa, K. Pulmonary and gastrointestinal exposure to cadmium oxide dust in a battery factory. 
Environ. Health Perspect. 28, 219 (1979).
 5. Smith, G. & Ng, A. Gastric reflux and pulmonary aspiration in anaesthesia. Minerva anestesiologica 69, 402–406 (2003).
7Scientific RepoRtS |         (2020) 10:8617  | https://doi.org/10.1038/s41598-020-65312-6
www.nature.com/scientificreportswww.nature.com/scientificreports/
 6. Blanco, D. et al. Molecular analysis of a multistep lung cancer model induced by chronic inflammation reveals epigenetic regulation 
of p16 and activation of the DNA damage response pathway. Neoplasia 9, 840 (2007).
 7. McDonald, J. C., Liddell, F. D., Gibbs, G. W., Eyssen, G. E. & McDonald, A. D. Dust exposure and mortality in chrysotile mining, 
1910–75. 1980. Br. J. Ind. Med. 50, 1058–1072 (1993).
 8. Lee, W. et al. Occupational exposure to crystalline silica and gastric cancer: a systematic review and meta-analysis. Occup. Env. Med. 
73, 794–801, https://doi.org/10.1136/oemed-2016-103552 (2016).
 9. Chiu, H. F. et al. Traffic air pollution and risk of death from gastric cancer in Taiwan: petrol station density as an indicator of air 
pollutant exposure. J. Toxicol. Env. Health A 74, 1215–1224, https://doi.org/10.1080/15287394.2011.590100 (2011).
 10. Lin, S. et al. Exposure to chrysotile mining dust and digestive cancer mortality in a Chinese miner/miller cohort. Occup. Env. Med. 
71, 323–328, https://doi.org/10.1136/oemed-2013-101360 (2014).
 11. Jayaprakash, V. et al. Wood dust exposure and the risk of upper aero-digestive and respiratory cancers in males. Occup. Env. Med. 65, 
647–654, https://doi.org/10.1136/oem.2007.036210 (2008).
 12. Koh, D.-H., Kim, T.-W., Jang, S. H. & Ryu, H.-W. Cancer mortality and incidence in cement industry workers in Korea. Saf. health 
Work. 2, 243–249 (2011).
 13. Jayaprakash, V. et al. Wood dust exposure and the risk of upper aero-digestive and respiratory cancers in males. Occup. Environ. 
Med. 65, 647–654 (2008).
 14. Koh, D. H., Kim, T. W., Jang, S. & Ryu, H. W. Dust exposure and the risk of cancer in cement industry workers in Korea. Am. J. Ind. 
Med. 56, 276–281 (2013).
 15. Wang, X. et al. Cancer mortality in Chinese chrysotile asbestos miners: exposure-response relationships. PLoS One 8 (2013).
 16. Santibañez, M. et al. Occupational exposures and risk of stomach cancer by histological type. Occup. Environ. Med. 69, 268–275 
(2012).
 17. OECD. Cancer Care: Assuring Quality to Improve Survival. (OECD Publishing, 2013).
 18. Balmes, J. et al. American Thoracic Society Statement: Occupational contribution to the burden of airway disease. Am. J. Respir. Crit. 
Care Med. 167, 787–797, https://doi.org/10.1164/rccm.167.5.787 (2003).
 19. Schenker, M. Exposures and health effects from inorganic agricultural dusts. Env. Health Perspect. 108, 661–664, https://doi.
org/10.1289/ehp.00108s4661 (2000).
 20. Aymoz, G., Jaffrezo, J. L., Jacob, V., Colomb, A. & George, C. Evolution of organic and inorganic components of aerosol during a 
Saharan dust episode observed in the French Alps. Atmos. Chem. Phys. 4, 2499–2512, https://doi.org/10.5194/acp-4-2499-2004 
(2004).
 21. Oxman, A. D. et al. Occupational dust exposure and chronic obstructive pulmonary disease. A systematic overview of the evidence. 
Am. Rev. Respir. Dis. 148, 38–48, https://doi.org/10.1164/ajrccm/148.1.38 (1993).
 22. Wang, X. et al. Conception, early pregnancy loss, and time to clinical pregnancy: a population-based prospective study. Fertil. Steril. 
79, 577–584 (2003).
 23. Holmila, R. et al. Mutations in TP53 tumor suppressor gene in wood dust‐related sinonasal cancer. Int. J. Cancer 127, 578–588, 
https://doi.org/10.1002/ijc.25064 (2010).
 24. Saber, A. T. et al. K-ras mutations in sinonasal adenocarcinomas in patients occupationally exposed to wood or leather dust. Cancer 
Lett. 126, 59–65 (1998).
 25. Schottenfeld, D. & Beebe‐Dimmer, J. Chronic inflammation: a common and important factor in the pathogenesis of neoplasia. CA 
Cancer J. Clin. 56, 69–83 (2006).
 26. Santibañez, M. et al. Occupational exposures and risk of stomach cancer by histological type. Occup. Env. Med. 69, 268–275, https://
doi.org/10.1136/oemed-2011-100071 (2012).
 27. Espina, C. et al. European Code against Cancer 4th Edition: Environment, occupation and cancer. Cancer Epidemiol. 39(Suppl 1), 
S84–92, https://doi.org/10.1016/j.canep.2015.03.017 (2015).
 28. Sessink, P. J., Van De Kerkhof, M. C., Anzion, R. B., Noordhoek, J. & Bos, R. P. Environmental contamination and assessment of 
exposure to antineoplastic agents by determination of cyclophosphamide in urine of exposed pharmacy technicians: is skin 
absorption an important exposure route? Arch. Env. Health 49, 165–169, https://doi.org/10.1080/00039896.1994.9940377 (1994).
 29. Linch, A. L. Biological monitoring for industrial exposure to cyanogenic aromatic nitro and amino compounds. Am. Ind. Hyg. Assoc. 
J. 35, 426–432, https://doi.org/10.1080/0002889748507055 (1974).
 30. Fubini, B. & Areán, C. O. Chemical aspects of the toxicity of inhaled mineral dusts. Chem. Soc. Rev. 28, 373–381, https://doi.
org/10.1039/A805639K (1999).
 31. Amyotte, P. R., Pegg, M. J. & Khan, F. I. Application of inherent safety principles to dust explosion prevention and mitigation. 
Process. Saf. Env. Prot. 87, 35–39, https://doi.org/10.1016/j.psep.2008.06.007 (2009).
 32. Smailyte, G. Cancer incidence among workers exposed to softwood dust in Lithuania. Occup. Env. Med. 69, 449–451, https://doi.
org/10.1136/oemed-2011-100253 (2012).
 33. Bruschweiler, E. D. et al. Workers exposed to wood dust have an increased micronucleus frequency in nasal and buccal cells: results 
from a pilot study. Mutagenesis 29, 201–207, https://doi.org/10.1093/mutage/geu003 (2014).
 34. Chiyotani, K., Saito, K., Okubo, T. & Takahashi, K. Lung cancer risk among pneumoconiosis patients in Japan, with special reference 
to silicotics. IARC Sci Publ, 95–104 (1990).
 35. Ahuja, N. K. & Chan, W. W. Assessing upper esophageal sphincter function in clinical practice: a primer. Curr. gastroenterology Rep. 
18, 7 (2016).
 36. Sjödahl, K. et al. Airborne exposures and risk of gastric cancer: a prospective cohort study. Int. J. cancer 120, 2013–2018 (2007).
 37. Meyer, M. B., Luk, G. D., Sotelo, J. M., Cohen, B. H. & Menkes, H. A. Hypothesis: the role of the lung in stomach carcinogenesis. Am. 
Rev. Respiratory Dis. 121, 887–891 (1980).
 38. Gandini, S. et al. Tobacco smoking and cancer: a meta‐analysis. Int. J. Cancer 122, 155–164, https://doi.org/10.1002/ijc.23033 (2008).
 39. Pelucchi, C., Gallus, S., Garavello, W., Bosetti, C. & La Vecchia, C. Cancer risk associated with alcohol and tobacco use: focus on 
upper aero-digestive tract and liver. Alcohol. Res. Health 29, 193–198 (2006).
 40. Hwangbo, Y. et al. Incidence of Diabetes After Cancer Development: A Korean National Cohort Study. JAMA Oncol. 4, 1099–1105, 
https://doi.org/10.1001/jamaoncol.2018.1684 (2018).
 41. Cheol Seong, S. et al. Data Resource Profile: The National Health Information Database of the National Health Insurance Service in 
South Korea. Int. J. Epidemiol. 46, 799–800, https://doi.org/10.1093/ije/dyw253 (2017).
 42. Gauld, R. et al. Advanced Asia’s health systems in comparison. Health policy 79, 325–336, https://doi.org/10.1016/j.
healthpol.2006.01.009 (2006).
 43. Kwon, S. Thirty years of national health insurance in South Korea: lessons for achieving universal health care coverage. Health policy 
Plan. 24, 63–71, https://doi.org/10.1093/heapol/czn037 (2009).
 44. Shin, D. W., Cho, B. & Guallar, E. Korean National Health Insurance database. JAMA Intern. Med. 176, 138, https://doi.org/10.1001/
jamainternmed.2015.7110 (2016).
 45. Chun, C. B., Kim, S. Y., Lee, J. Y. & Lee, S. Y. Republic of Korea: Health system review. Health Syst. Transit. 11, 1–184 (2009).
 46. Quan, H. et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med. Care 43, 
1130–1139 (2005).
 47. Morawska, L. & Salthammer, T. Indoor environment: airborne particles and settled dust. (John Wiley & Sons, 2006).
8Scientific RepoRtS |         (2020) 10:8617  | https://doi.org/10.1038/s41598-020-65312-6
www.nature.com/scientificreportswww.nature.com/scientificreports/
 48. Xu, X., Christiani, D. C., Dockery, D. W. & Wang, L. Exposure-response relationships between occupational exposures and chronic 
respiratory illness: a community-based study. Am. Rev. Respir. Dis. 146, 413–418, https://doi.org/10.1164/ajrccm/146.2.413 (1992).
 49. Korn, R. J., Dockery, D. W., Speizer, F. E., Ware, J. H. & Ferris, B. G. Jr. Occupational exposures and chronic respiratory symptoms. 
A population-based study. Am. Rev. Respir. Dis. 136, 298–304, https://doi.org/10.1164/ajrccm/136.2.298 (1987).
Acknowledgements
This work was supported by Korea Environmental Industry & Technology Institute (KEITI) through “The 
Chemical Accident Prevention Technology Development Project” funded by Korea Ministry of Environment 
(MOE) (2017001970001). Y.S. Ahn had been awarded that grant. This work was supported by Korea Health 
Industry Development Institute through “Social and Environmental Risk Research” funded by Ministry of Health 
& Welfare (HI19C0052). J.H. Yoon had been awarded that grant.
Author contributions
Wanhyung Lee and Jin-Ha Yoon had the idea for the study, analysed data, draft the manuscript, and revised the 
manuscript. Jihyun Kim and Sung-Shil Lim conducted the analysis, contributed to develop the study design, and 
draft the manuscript. Yangwook Kim and Yeon-Soon Ahn contributed to interpretation of the results and draft 
and revise the manuscript. Wanhyung Lee draw figure 1. Jin-Ha Yoon is the correspondence of this work and, as 
such, takes responsibility for the integrity of the data and the accuracy of the data analysis. All authors read and 
approved the final version of the manuscript
competing interests
The authors declare no competing interests.
Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-65312-6.
Correspondence and requests for materials should be addressed to J.-H.Y.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020
